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- Abstract: A measurement is reported of the production cross section of top-quark 

pairs (tt) in proton-proton collisions at a center-of-mass energy of 7 TeV recorded with the 
ATLAS detector at the LHC. Candidate events have a signature consistent with containing 
two isolated leptons, large missing transverse momentum, and at least two jets. Using a 
data sample corresponding to an integrated luminosity of 0.70 fb~^, a production cross 
section = 176 ± 5(stat.)tii(syst.) ± 8(lum.) pb is measured for an assumed top-quark 
mass of nit = 172.5 GeV. This measurement is in good agreement with Standard Model 
predictions. 
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1 Introduction 

As the heaviest known elementary particle, the top quark is a particularly interesting 
probe of the Standard Model (SM). The measurement of the tt production cross section 
in different decay modes is a sensitive test of perturbative QCD and the SM description 
of top-quark decay. The production cross section in proton-proton (pp) collisions at a 
center-of-mass energy y/s = 7 TeV is calculated to be 165ljg pb at approximate next-to- 
next-to- leading-order (NNLO) [1, 2], and the top quark is predicted to decay nearly 100% 
of the time to a boson and a b quark. A measured cross section that differs from the 
SM prediction can be a sign of new physics. Furthermore, tt production is an important 
background in many searches for physics beyond the SM, and in searches for the SM Higgs 
boson. 

The tt event topologies are determined by the decays of the two W bosons. In increas- 
ing order of tt branching fraction: dilepton final states occur when both W bosons decay 
to a charged lepton and a neutrino, 'lepton plus jets' final states when only one W boson 
decays leptonically while the other decays to a pair of quarks, and all-hadronic final states 
when both W bosons decay to pairs of quarks. 

Top-quark production in dilepton final states has been studied using proton-antiproton 
collisions at ^/s = 1.96 TeV [3, 4] and Large Hadron Collider (LHC) measurements of the 
production cross section in proton-proton collisions at t/s = 7 TeV in the same final state 
have recently been reported [5, 6]. A measurement is presented of the production cross 
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section using the dilepton channel, characterized by two opposite-sign leptons, unbalanced 
transverse momentum indicating the presence of neutrinos from the T^-boson decays, and 
two 6-quark jets. This result uses twenty times more data than the previous ATLAS 
measurement in the same final state, reported in Ref. [6]. 

The ti dilepton final states can be selected with a good signal-to-background ratio using 
simple kinematic requirements. With the additional requirement of the presence of a jet 
consistent with a b quark ('6-tag'), the signal-to-background ratio can be further improved. 
Cross-section measurements with and without the 6-tag requirement are reported here. 
Leptons are either well-identified electron or muon candidates that are selected using the 
full detector or, to reduce losses from lepton identification inefficiencies, isolated tracks. The 
well- identified electrons or muons are called 'identified leptons', and the isolated tracks are 
referred to as 'track leptons'. The term 'lepton' is used to refer to identified leptons and 
track leptons collectively. Events with one identified lepton and one track lepton are called 
'lepton-|-track' events. Each dilepton channel is exclusive, i.e. has no overlap with the other 
channels. Channels with tau leptons are not explicitly reconstructed, but reconstructed 
leptons can arise from leptonic tau decays and a track lepton can arise from hadronic tau 
decay modes as well. The analysis with the 6-tag requirement uses only identified leptons. 

The measured cross section takes into account the tt signal acceptance and the expected 
background contributions from Z/7*+jets, single top quarks, WW, WZ, and ZZ events, 
and events with misidentified leptons (primarily VF-|-jets events). Background contributions 
from Z/7* — )• ee-|-jets, Z/j* — )• fifi+jets and events with misidentified leptons are evaluated 
directly from the data. All other background contributions are evaluated using Monte Carlo 
(MC) simulation samples. 

2 Detector and data sample 

The ATLAS detector [7] at the LHC covers nearly the entire solid angle around the collision 
point. It consists of an inner tracking detector (ID) comprising a silicon pixel detector, a sil- 
icon microstrip detector (SCT), and a transition radiation tracker. The ID is surrounded by 
a thin superconducting solenoid providing a 2 T magnetic field, and by liquid-argon elec- 
tromagnetic sampling calorimeters (LAr) with high granularity. An iron-scintillator tile 
calorimeter provides hadronic energy measurements in the central pseudorapidity^ range 
(|r/| < 1.7). The end-cap and forward regions are instrumented with LAr calorimetry 
for both electromagnetic (EM) and hadronic energy measurements up to |?7| < 4.9. The 
calorimeter system is surrounded by a muon spectrometer incorporating three supercon- 
ducting toroid magnet assemblies, with bending power between 2.0 and 7.5 Tm. 

A three-level trigger system is used to collect data. The first-level trigger is imple- 
mented in hardware and uses a subset of the detector information to reduce the rate to at 
most 75 kHz. This is followed by two software-based trigger levels that together reduce the 
event rate to ~ 300 Hz. 

^In the right-handed ATLAS coordinate system, the pseudorapidity rj is defined as 77 = — ln[tan(S/2)], 
where the polar angle is measured with respect to the LHC beamline. The azimuthal angle is measured 
with respect to the x-axis, which points towards the centre of the LHC ring. The y-axis points up. Transverse 
momentum and energy are defined as pt = psin6' and Et = EsinO, respectively. 
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The analysis uses collision data with a center-of-mass energy of ^/s = 7 TeV recorded 
in 2011, with an integrated luminosity of 0.70±0.03 fb"^ [8, 9]. 

3 Simulated samples 

Monte Carlo simulation samples are used to calculate the ti acceptance and to evaluate 
the background contributions from single top quarks, WW, WZ, and ZZ events, and 
Z/7* — )• rr +jets. All MC samples are processed with the GEANT4 [10] simulation of the 
ATLAS detector [11] and events are passed through the same analysis chain as the data. 

The generation of tt and single top-quark events uses the MC@NLO generator [12- 
14] with the CTEQ6.6 [15] parton distribution function (PDF) set and a top-quark mass 
of 172.5 GeV. Expected tt yields are calculated with a cross section normalized to the 
prediction of Hathor[16], which employs an NNLO perturbative QCD calculation. Single 
top-quark production with MC@NLO includes the s, t and Wt channels and the diagram- 
removal scheme [17] is used to reduce overlap with the tt final state. 

Drell-Yan events (Z/7*-|-jets) are modeled with the Alpgen generator, using the MLM 
matching scheme [18] and the CTEQ6L1 [19] PDF set. The Z/7*-|-jets samples, including 
both light and heavy flavor jets, are normalized to NNLO with a X-factor of 1.25. In the 
Z/7* — )• ee and nfi decay channels, the background from Z/7*+jets is evaluated using a 
data-driven technique that normalizes the MC expectation to the data observation near the 
Z pole. Background contributions from the VF-|-jets final states come primarily from events 
where the W boson decays leptonically and the second lepton candidate is a misidentified 
jet or a heavy-flavor decay. Backgrounds from VF-|-jets events are evaluated from the data. 

All MC simulated events are hadronized using the Herwig shower model [20, 21] 
supplemented by the Jimmy underlying event model [22]. Both hadronization programs 
are tuned to ATLAS data using the ATLAS MClO tune [23]. Diboson events are modeled 
using the Alpgen generator normalized with iC-factors of 1.26 (M^VF), 1.28 (WZ) and 
1.30 (ZZ) to match the total cross section from NLO QCD predictions using calculations 
with the MCFM program [24]. 

All Monte Carlo samples are generated taking into account that multiple pp interactions 
can occur in the same LHC bunch crossing within a given event ('pile-up'). The average 
number of interactions per crossing is 5.6 in this data set. The MC events are re-weighted 
so that the distribution of interactions per crossing in the MC matches that observed in 
the data. 

4 Object selection 

Leptons are required to be isolated and have high transverse momentum, consistent 
with originating from T4^-boson decay, with thresholds chosen to ensure events are 
triggered with high efficiency. 

Electron candidates are reconstructed from energy deposits (clusters) in the EM calorime- 
ter, which are then associated to reconstructed tracks of charged particles in the inner 
detector. Stringent quality requirements on the conditions of the EM calorimeter at the 
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time of data taking are applied to ensure a well measured reconstructed energy. A 'tight' 
selection [25] using calorimeter, tracking and combined variables, is employed to provide 
good separation between the signal electrons and background. Electron candidates are 
additionally required to have pT > 25 GeV and \r]ci\ < 2.47, excluding electrons from the 
transition region between the barrel and endcap calorimeters defined by 1.37 < \r]ci\ < 1.52. 
The variable ijd is the pseudorapidity of the energy cluster associated with the candidate. 

Muon candidate reconstruction is begun by searching for track segments in layers of 
the muon chambers. These segments are combined starting from the outermost layer, fitted 
to account for material effects, and matched with tracks found in the inner detector. The 
candidates are refitted using the complete track information from both detector systems, 
and required to satisfy pT > 20 GeV and \r]\ < 2.5. 

Lepton isolation requirements reduce backgrounds from misidentified jets and suppress 
the selection of leptons from heavy-flavor decays. For electron candidates, the transverse 
energy (-Et) deposited in the calorimeter not associated to the electron is summed in a 
cone of radius AR = 0.2, where AR = \J Arp' + Acj)^, around the electron and is required 
to be less than 3.5 GeV. For muon candidates, the isolation requirement is based on both 
calorimeter and track information. The track isolation requirement is based on the sum 
of the transverse momenta of tracks with > 1 GeV in a cone AR = 0.3 centered on 
the muon candidate, while the calorimeter isolation requirement is based on the sum of 
transverse energy in the same cone. Both the track and calorimeter sums are required to 
be less than 4 GeV. Additionally, muon candidates must have a distance AR > 0.4 from 
any jet with > 20 GeV, further suppressing muon candidates from heavy flavor decays. 
Muon candidates arising from cosmic rays are rejected by removing candidate pairs that 
are back-to-back in the r — (f) plane and with transverse impact parameters relative to the 
beam axis |(io| > 0.5 mm. 

Track-lepton (TL) candidates are defined by an ID track with > 25 GeV and a 
series of quality cuts optimized for high efficiency and a low rate of misidentification. The 
track must have at least six SCT hits and at least one hit in the innermost pixel layer. It 
also must have |(io| < 0.2 mm and the uncertainty on the momentum measurement must 
be less than 20%. The track has to be isolated from other nearby tracks, following the 
track isolation defined above, in this case using tracks with px > 0.5 GeV. The summed 
momentum cut is set to 2 GeV. 

Jets are reconstructed with the anti-k^ algorithm [26] with a radius parameter R = 0.4, 
starting from energy clusters in the calorimeter reconstructed using the scale established for 
electromagnetic objects. These jets are then calibrated to the hadronic energy scale using 
px and ry dependent correction factors [27]. Jets are removed if they are within AR = 0.2 
of a well-identified electron candidate or a TL. The jets used in the analysis are required 
to have px > 25 GeV and |ry| < 2.5. 

Jets are identified as f)-quark candidates ('6-tagged') by an algorithm that forms a 
likelihood ratio of h- and light-quark jet hypotheses using the following discriminating 
variables: the signed impact parameter significance of well measured tracks associated with 
a given jet, the decay length significance associated with a reconstructed secondary vertex, 
the invariant mass of all tracks associated to the secondary vertex, the ratio of the sum of 
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the energies of the tracks associated with the secondary vertex to the sum of the energies 
of ah tracks in the jet assuming a pion hypothesis, and the number of two-track vertices 
that can be formed at the secondary vertex [28] . The cut on the combined hkehhood ratio 
has been chosen such that a 6-tagging efficiency of w 80% per 6-jet in ti candidate events 
is achieved. 

The missing transverse momentum is formed from the negative vector sum of transverse 
momenta of all jets with > 20 GeV and \r]\ < 4.5 [29]. The contribution from cells 
associated with electron candidates is replaced by the candidates' calibrated transverse 
energy. The contribution from all muon candidates and calorimeter clusters (including 
those not belonging to a reconstructed object) is also included. The symbol E^^^^ is used 
to denote the magnitude of the missing transverse momentum. 

5 Event selection 

The analysis requires collision data selected by an inclusive single electron or muon trig- 
ger with offline-reconstructed candidates satisfying pT > 25 GeV for electrons, and pT > 
20 GeV for muons, to ensure a constant trigger efficiency. To ensure that the event was 
triggered by the lepton candidates used in the analysis, one of the identified leptons and 
the triggered lepton are required to match within AR < 0.15. 

Events are required to have a primary interaction vertex with at least five tracks 
with > 400 MeV. The event is discarded if any jet with p^ > 20 GeV fails quality 
cuts designed to reject jets arising from calorimeter noise or activity inconsistent with the 
bunch-crossing time [27]. If an electron candidate and a muon candidate share a track, the 
event is also discarded. 

The selection of events in the signal region consists of a series of kinematic requirements 
on the reconstructed objects. The requirements on E^^^^, the lepton-lepton invariant mass 
(mu), and the scalar sum of all selected jets and leptons (-ffx) are optimized to minimize 
the expected total uncertainty on the cross-section measurement. The resulting event 
selection, referred to as the 'non-6-tag' selection, is listed below. 

• Events must have exactly two oppositely-charged identified-lepton candidates (ee, 
/i/i, e/i), satisfying the selection criteria of Section 4, or if only one identified-lepton 
candidate is found, the event is retained if a track- lepton candidate is present, with 
opposite charge to the identified lepton, forming a lepton+track event (eTL or fiTh). 

• Events must have at least two jets with px > 25 GeV and \r]\ < 2.5. 

• Events in the ee, fifi eTL and /_fTL channels are required to have mu > 15 GeV in 
order to reject backgrounds from vector-meson decays. The requirement also helps 
to suppress backgrounds in these channels from 6-quark production. 

• Events in the ee and /x/i channels must satisfy E^^^^ > 60 GeV and \me£ — mz\ > 
10 GeV, to suppress backgrounds from Z/7*+jets and multijets. 
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• Events in the e/i channel are required to satisfy Hq^ > 130 GeV. No E^^^^ or mu cuts 
are apphed. 

• The lepton+track event candidates must have E^^^^ > 45 GeV, (including the 
track lepton) > 150 GeV, and |m« — mz\ > 10 GeV. 

A parallel selection with the additional requirement of at least one 6-tagged jet is 
made. Because of the enhanced background rejection afforded by the b-tag requirement, 
the selection is further optimized, resulting in an E^^^^ requirement for ee and /x/i events 
that is relaxed to E^^^^ > 40 GeV, while the ffx requirement for e/i events remains the 
same as for the non-6-tag selection, i.e. i?T > 130 GeV. We refer to the analysis that 
requires at least one 6-tagged jet as the '6-tag analysis', and the events selected therein as 
the '6-tagged sample'. The subset of the 6-tagged sample with 40 GeV < EJ^^^^ < 60 GeV 
is referred to as the 'exclusive 6-tagged sample' and has no overlap with the non-&-tag 
sample. 

The acceptance times the branching fraction of tt to dileptons, for the selection de- 
scribed above, is 0.96% for the ee + /x/i + e/i channels without 6-tagging, 0.11% for the 
exclusive 6-tagged sample, and 0.19% for eTL + /zTL channels. 

6 Background evaluation 

The tt event selection rejects Z/7*-|-jets events with ee and /x/i invariant mass below 
15 GeV, or within 10 GeV of the Z-boson mass. However, Z/7*-|-jets events with ee or 
/i/i invariant mass outside of these regions can enter the signal sample when there is large 
E^^^^, typically from mismeasurement. These events are difficult to properly model in 
simulations due to uncertainties on the non-Gaussian tails of the E^^^^ distribution, on 
the cross section for Z boson production with multiple jets, and on the lepton energy 
resolution. 

To evaluate the Z/7*-|-jets background in dielectron and dimuon events {Z — )• tt is 
considered below), the MC prediction for the number of events in the signal region is nor- 
malized to the data using the number of Z/7*-|-jets events measured in a control region [6]. 
The control region is formed by events with the same jet requirements as the signal region, 
but with mgi within 10 GeV of the Z-boson mass, and a E^^^^ cut of E^^^^ > 45 GeV for 
the lepton-l-track candidates and E!^^^^ > 30 GeV for the others. Contamination in the 
control region from other physics processes (signal and other background processes consid- 
ered for the analysis) is subtracted according to MC predictions. The ratio of data events 
to MC expectation in the control region provides a scale factor that is used to correct the 
MC prediction for Z/7*-|-jets events in the signal region. 

Other backgrounds mainly come from VF-|-jets, ti lepton-l-jets, and single top-quark 
production with fake leptons. The term 'fake lepton' is used to refer to both misidenti- 
fied and non-prompt lepton candidates, the latter category arising from hadron decays in 
flight. The yield of events with fake identified leptons is evaluated from the data using a 
matrix method [30]. In addition to the standard lepton selection requirements, a selection 
with a looser isolation requirement is defined. Dilepton events are selected using the loose 
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isolation requirement and events are categorized according to whether each lepton passes 
the standard selection or the loose selection but not the standard selection. There are 
four such categories for the two leptons: loose-loose, loose-standard, standard-loose, and 
standard-standard. Each of the four categories is related to the number of events with two 
'real' (prompt) leptons, two fake leptons, or one of each, through a set of linear equations 
with coefficients given by the products of probabilities for real or fake lepton satisfying 
the loose selection to also satisfy the standard selection. These linear expressions form 
a matrix that is inverted in order to extract the real and fake lepton content of the ob- 
served dilepton event sample. The probability for real leptons is measured as a function 
of jet multiplicity using data samples of Z — )■ ee and Z — )■ /x/i events. The corresponding 
probability for fake leptons is measured in a data sample dominated by dijet production, 
with events containing one lepton candidate passing the looser isolation cuts and having 
^miss ^ 20 GeV. Contributions from real leptons due to VF+jets final states are subtracted 
using simulated events. 

For lepton+track events the largest background is from events with fake leptons, dom- 
inated by fake track leptons. The probability of a jet being reconstructed as a track lepton 
is determined from a 7-l-jets data sample selected with photon triggers. The fake proba- 
bility is applied to a second sample enriched in VF-|-jets events with exactly one identified 
lepton and no track leptons, but using the same kinematic cuts as for the signal sample. 
In this second sample the fake probabilities are summed for each jet in each event and the 
fake track- lepton contribution is calculated as a function of the number of jets. 

The contributions from other electroweak background processes with two real leptons, 
such as single top quarks, Z — t- tt, WW, ZZ and WZ production are determined from 
Monte Carlo simulations. The expected numbers of background events are given in Table 1. 
The absence of Z/7*+jets background in the e/i channel, coupled with the larger branching 
fraction for the efi signal, allows relatively loose selection criteria to be used in this channel. 

The background contributions for the 6-tag analysis are determined using the same 
techniques described above, with the additional requirement of a 6-tagged jet. 

The modeled acceptances, efficiencies and data-driven background evaluation methods 
are validated by comparing predictions from Monte Carlo simulations with data in control 
regions with kinematics similar to the signal region but dominated by backgrounds. In 
particular, the E!f^^^, ma and jet multiplicity distributions are studied in a sample of Z- 
boson candidates, defined by requiring \m££ — mz\ < 10 GeV and E^^^^ < 60 GeV. The 
predictions from MC simulations in the control regions are in reasonable agreement with 
data, although small discrepancies exist in regions that do not affect the tt cross-section 
measurement. 

7 Systematic uncertainties 

A summary of the systematic uncertainties on the measured tt production cross section is 
given in Table 2. 

Lepton trigger efficiencies, and reconstruction and selection efficiencies for identified 
leptons and track leptons, are assessed using Z — >■ ee and Z ^ events in the same 
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Table 1. Breakdown of the expected tt signal and background events in the signal region com- 
pared to the observed event yields, for each of the dilepton channels. All systematic uncertainties 
are included, and correlations between different background sources are taken into account, when 
calculating the total background uncertainty. The largest contribution to the line labeled 'Fake 
leptons' comes from VK4-jets events. 



data sample as used for the ti analyses. Scale factors are evaluated by comparing these 
efficiencies with those determined with simulated Z-boson events. The scale factors are 
applied to MC samples when calculating acceptances to account for any differences between 
predicted and observed efficiencies. Systematic uncertainties on these scale factors are 
evaluated by varying the selection of events used in the efficiency measurements and by 
checking the stability of the measurements over the course of the data-taking period. 

The modeling of lepton momentum scale and resolution is studied using reconstructed 
dilepton invariant mass distributions of Z/^* candidate events, and the simulation is ad- 
justed to match the data. Uncertainties in the scale and resolution are used to evaluate 
the systematic uncertainty due to these corrections. The acceptance uncertainty from the 
lepton modeling is dominated mostly by the electron selection efficiency uncertainty. 

The jet energy scale (JES) and its uncertainty are derived by combining information 
from test-beam data, LHC collision data and simulation [27]. For jets within the accep- 
tance, the JES uncertainty varies in the range 4-8% as a function of jet pT and rj. This 
uncertainty is higher than in the previous result [6] because of the additional uncertainty 
due to multiple pp interactions at high instantaneous luminosity. The jet energy resolu- 
tion and jet reconstruction/identification efficiency measured in data and in simulation are 
in good agreement. The statistical uncertainties on the comparisons, 10% and 1-2% for 
the energy resolution and the efficiency, respectively, are taken as systematic uncertain- 
ties associated with these effects. The effect on the acceptance is dominated by the JES 
uncertainty. 

The systematic uncertainty on the efficiency of the 6-tagging algorithm has been es- 
timated to be 6% for 6-quark jets, based on 6-tagging calibration studies using inclusive 
lepton and multijet final states. The uncertainties on the tagging rates of jets from light 
and charm quarks are larger, but are not a significant source of uncertainty due to the 
intrinsically high signal-to-background ratios in the dilepton final states. The acceptance 
uncertainty due to 6-tagging is about 3% for all three channels. 
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The uncertainty in the kinematic distributions of the ti signal events gives rise to 
systematic uncertainties in the signal acceptance, with contributions from the choice of 
generator, the modeling of initial- and final-state radiation (ISR/FSR) and the PDFs. The 
generator and parton-showering uncertainty (collectively labeled 'Generator' in Table 2) 
are evaluated by comparing the MC@NLO predictions with those of Powheg [31-33] 
interfaced to either Herwig or Pythia. The uncertainty due to ISR/FSR is evaluated 
using the AcerMC generator [34] interfaced to the Pythia shower model, and by varying 
the parameters controlling ISR and FSR in a range consistent with those used in the 
Perugia Hard/Soft tune variations [35]. Finally, the PDF uncertainty is evaluated using a 
range of current PDF sets [19] . The dominant uncertainties in this category of systematics 
are the modeling of ISR/FSR and the generator choice. 

The overall normalization uncertainties on the backgrounds from single top quark and 
diboson production are taken to be 8.6% [36] and 5% [37], respectively. The systematic 
uncertainties from the background evaluations derived from the data include the statistical 
uncertainties in these methods as well as the systematic uncertainties arising from lepton 
and jet identification and reconstruction, and the MC estimates that are used. An uncer- 
tainty on the data-driven Z/7*+jets evaluation, based on the expected E^^^^ resolution in 
these events, is included by varying the E^^^^ cut in the control region by ±5 GeV for ee 
and nfj, events, and ±10 GeV in lepton+track events where the S™'^^ resolution is poorer. 
The systematic uncertainty on the fake identified lepton background prediction is 50%, as 
measured using control regions with different fiavor composition and photon conversion 
rates, as determined by Monte Carlo studies. A 20% systematic uncertainty is set on the 
prediction of the fake track-lepton background, derived from a comparison of predicted and 
observed fake track leptons in control regions defined as opposite-sign events with zero or 
one jet without an cut, and same-sign events with more than one jet. The uncertainty 
on the measured integrated luminosity of the dataset is 3.7% [9]. 

Table 2 lists the contributions to the cross-section measurement of each of the sys- 
tematic uncertainties considered, in percent, with the non-6-tag and the exclusive 6-tag 
analyses combined in the ee and /x/i columns. Only non-6-tag events are used in the e/x 
channel. The relatively large 'Generator' uncertainty for ee events is partly a result of the 
limited size of the MC data set. In the eTL and /iTL columns the 'MC statistics' uncer- 
tainty is larger than in the ee, ///i, and e/x case because the number of events available is 
reduced by the removal of events with two identified leptons. The combined uncertainty 
comes from the profile likelihood technique used to determine the cross section [6], and 
takes into account all correlations. The statistical uncertainty is determined by fixing all 
systematic uncertainties at their best-fit values in the likelihood function. 

8 Cross-section measurement 

The expected and measured numbers of events in the signal region, after applying all 
selection cuts for each of the individual dilepton channels, are shown in Table 1. A total 
of 1920 candidate events are observed for the analysis without 6-tagging, and a total of 
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±14/-13 


±5.1/-4.9 


All syst. (except lumi.) 


+ 16.4/-14.4 


±8.8/-6.4 


±8.2/-6.8 


±27.9/-20.7 


±26.5/-23.7 


±8.0/-6.5 


Stat. + syst. 


+18.9/-16.9 


±11.6/-9.5 


±10.1/-8.8 


±31.8/-25.2 


±30.7/-27.8 


±9.6/-8.2 



Table 2. Overview of the it cross-section uncertainties. 



1400 candidate events are found for the 6-tag analysis. There are 1221 events in common 
between the two selections, and 179 exclusive 6-tagged events. 

In Fig. 1 the number of selected jets and the expectation for 0.70 fb^^ are shown for 
the non-6-tag analysis with the five channels combined, and for the 6-tag analysis with the 
three channels combined. In the non-6-tag case, all requirements except the jet multiplicity 
selection are applied, and in the 6-tag case all requirements except the 6-tag requirement 
are applied. The E^^^^ distributions for the combination of the five non-6-tag and three 
6-tagged channels are shown in Fig. 2. All requirements except E^^^^ are applied. The 
dominant backgrounds are Z/7*+jets and VF+jets production with a fake lepton and, for 
the 6-tag analysis, single-top events. 

The cross-section results are obtained with a profile likelihood technique, as described 
in Ref. [6]. The branching fraction for t — )• Wb is taken to be 100% and the acceptance is 
calculated for a top mass of 172.5 GeV. 

The top-quark pair production cross section measured by combining the seven channels, 
the non-6-tagged ee, /x/i, e/i, eTL and fj,TL and the exclusive 6-tagged ee and fifj,, is 

att = 176 ± 5(stat.);j^(syst.) ± 8(lumi.) pb. 

Figure 3 summarizes the cross sections for the individual channels, and the combination of 
the non-6-tag and the exclusive 6-tagged data sets. 

The measured cross section is in good agreement with a similar measurement made 
with 2010 data by the CMS collaboration [5], with an ATLAS measurement in the dilepton 
channel with earlier data [6], and with the SM prediction of 165]^Jg pb. Compared to the 
earlier ATLAS measurement in the dilepton channel, the statistical uncertainty of the 
measurement has been reduced by a factor of four with the addition of more data, and a 
small reduction in the systematic uncertainty, which now dominates, has been achieved. 
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Figure 1. (a) Jet multiplicity distribution for ee-|-yU/i-|-eyU-|-eTL-|-/.(TL events without a 5-tagging 
requirement, (b) Multiplicity distribution of 6-tagged jets in the ee+^ii+e^ channels. Contributions 
from diboson and single top-quark events are summarized as 'Other EW. The events in (b) are 
not a simple subset of those in (a) because the event selections for the &-tag and non-6-tag analyses 
differ. Uncertainties shown are statistical and systematic combined. The distributions are shown 
as stacked histograms. 
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Figure 2. The E.f^^'^ distribution in the signal region for (a) the five non-6-tag channels combined 
and, (b) the three ^-tagged channels combined. Contributions from diboson and single top-quark 
events are summarized as 'Other EW. Uncertainties shown are statistical and systematic combined. 
The last bin in each figure is an overflow bin, including all events above 190 GcV. The distributions 
are shown as stacked histograms. 
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Figure 3. Summary of the individual cross section measurements and the combination of non-6- 
tag and exclusive 6-tagged results. The vertical dashed line and yellow band are the approximate 
NNLO theory calculation and its uncertainty. 
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C. Collins-Tooth5^ J. Collot5^ G. Colon^^ P. Conde Muino^^Sa^ ^ Coniavitis^^^ 
M.C. Conidi^\ M. Consonni^^^, V. Consorti'^^, S. Constantinescu^^'', C. Conta"^'"'^^^^, 

F. Conventi^oi^'*, J. Cook^^, M. Cooke^^, B.D. Cooper■^^ A.M. Cooper-Sarkar^^^ 

K. Copic^^, T. Cornelissen^''^, M. Corradi^^'^, F. Corriveau^^'-', A. Cortes-Gonzalez^^^, 

G. Cortiana9^ G. Costa^^'^, M.J. Costa^*'^^ D. Costanzo^^s, T. Costin^o, D. Cote^^, 
R. Coura Torres^^'^, L. Courneyea^^^ , G. Cowan^^, C. Cowden^'', B.E. Cox^\ 

K. Cranmerio^ F. Crescioli^2ia,i2ib^ Cristinziani^o, G. Crosetti^e'^'^eb , R. Crupi'^^^'^i'^, 

S. Crepe-Renaudin^^ , C.-M. Cuciuc^^'^, C. Cuenca Almenar^'''^, 

T. Cuhadar Donszelmann^^s ^ Curatolo^^, C.J. Curtis^''', C. Cuthbert^^^, 

P. Cwetanski^o, H. Czirr^^o, P. Czodrowski^^^ Z. Czyczula^^^ S. D'Auria^^^ 

M. D'OnoW^^ A. D'Orazioi3ia,i3ib^ P.V.M. Da Silva^^^, C. Da Via^^ , W. Dabrowski^^, 

T. Dai8^ C. Dallapiccola^^^ M. Dam^^, M. Dameri^o^'^o'^, D.S. Damiani^^e^ 

H. O. Danielsson29, D. Dannheim9^ V. Dao''^ G. Darbo^°'^, G.L. Darlea^^^, C. Daum^o^ 
W. Davey2°, T. Davidek^^s^ DavidsonS^ R. Davidson^", E. Davies^^^'^ M. Davies^^ 

A. R. Davison''^, Y. Davygora^^^, E. Dawe-^^^, I. Dawson^^^, J.W. Dawson^'*, 
R.K. Daya-Ishmukhametova^^ , K. De''', R. de Asmundis^^^'', S. De Castro^^'^'^^'^, 
RE. De Castro Faria Salgado^^, S. De Cecco7^ J. de Graat^^, N. De Groot^o^ 

P. de Jongio^ C. De La Taille^^^, H. De la Torre^^, B. De Lotto^63a,i63c^ ^ Mom™, 
L. De Nooiji°^, D. De Pedis^^ia^ Salvo^^ia^ ^ Sanctis^^^a.iesc^ Santo^^^ 

J.B. De Vivie De Regie^^^, S. Dean'^^, W.J. Deamaley'^° , R. Debbe^^, C. Debenedetti^^ 

D. V. Dedovich64, J. Degenhardt^^^ M. Dehchar^^^ C. Del Papa^*^3a,i63c^ j j^^j Peso'^^ 
T. Del Prete^2ia,i2ib^ rj. Deigi^ontex^^ M. Deliyergiyev■^^ A. Dell'Acqua^^, 

L. Dell'Asta^^ M. Delia Pietra^o^^'*, D. della Volpei"^^'^"^'', M. Delmastro'^ , 
N. Delruelle^^, P.A. Delsart5^ C. Deluca^^^ S. Demers^'^^, M. Demichev^^, 

B. Demirkoz^^''^, J. Deng^^^, S.P. Denisov^^"^, D. Derendarz^^, J.E. Derkaoui^^^'^ , 

F. Derue"^^, P. Dervan^^ K. Desch^o, E. Devetak^^^, P.O. Deviveiros^o^ , A. Dewhurst^^s^ 
B. DeWilde^^^ S. Dhaliwal^^^ R. Dhullipudi24'^ A. Di Ciaccio^32a,i32b^ l. Di Ciacdo^ 
A. Di Girolamo29, B. Di Girolamo^s, S. Di Luise^^Sa.iasb^ Mattia^^\ B. Di Micco^^, 

R. Di Nardo^^ A. Di Simone^32a,i32b^ Sipio^^^'^^^, M.A. Diaz^i^^, F. Diblen^Sc, 
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E. B. DiehF^ J. Dietrich^^, T.A. Dietzsch^s^, S. Diglio^^ K. Dindar Yagci^^, 

J. Dingfelder^o, C. Dionisii^i^.i^ib^ p Y)[Iq25^^ s. Dita^^^^, F. Dittus^^, F. Djama^^^ 

T. Djobava^i*^, M.A.B. do Vale^^^, A. Do Valle Wemans^^Sa^ T.K.O. Doan^ M. Dobbs^^, 

R. Dobinson 29'*, D. Dobos^^, E. Dobson^S'™, J. Dodd^^, C. Doglioni^^ T. Doherty5^ 

Y. Doi^s.*, J. Dolejsi^^s^ DolenJ^ Z. Dolezal^^s^ ^ Dolgoshein^^'*, T. Dohmae^^^, 

M. Donadelli^^d, M. Donega^^^, J. Donini^^, J. Dopke^^, A. Doria^°^^, A. Dos Anjosi^\ 

M. Dosil", A. Dottii2ia'i2ib^ y^ ^j.^ Dova^s, J.D. Dowell^^ A.D. Doxiadisl°^ 

A.T. Doyle^^, Z. Drasal^^^, J. Drees^^^, N. Dressnandt^^^, H. Drevermann^^ , 

C. Driouichi^s, M. Dris^ J. Dubbert9^ S. Duhe^^, E. Duchovni^™, G. Duckeck^^ 

A. Dudarev29, F. Dudziak^^, M. Diihrssen ^9, LP. Duerdoth^^ L. Duflot^^"^, 

M-A. DufourS"^, M. Dunford29, H. Duran Yildiz^^, R. Duxfield^^s^ Dwuznik^^, 

F. Dydak ^9, M. Diireii52, W.L. Ebenstein''^, J. Ebke^^ S. Eckweiler^o, K. Edmonds^", 

C. A. Edwards7^ N.C. Edwards^^ W. Ehrenfeld^\ T. Ehrich98, T. Eiferti-^^ G. Eigen^^^ 
K. Einsweiler^^ E. Eisenhandler^^, T. Ekelofl^^ M. El Kacimi^34c^ Ellert^^s, S. Elles^, 
F. Ellinghaus^°, K. EUis^^, N. EUis^^ J. Elmsheuser'^'^, M. Elsing29, D. Emeliyanov^2^ 

R. Engelmann^^'', A. Engl^^, B. Epp^\ A. Eppig^*^, J. Erdmann^^, A. Ereditato^*", 

D. Eriksson^^^^, J. Ernst^ M. Ernst^^, J. Ernwein^^s^ Errede^*^^, S. Errede^*^^, 

E. ErteP, M. Escalier^^^, C. Escobar^^^ X. Espinal Curull^\ B. Esposito^'^, 

F. Etienne^^, A.I. Etienvre^^^, E. Etzion^^^, D. Evangelakou^^ , H. Evans^°, 

L. Fabbri^9a,i9b^ q Fabre29, R.M. Fakhrutdinovi27 , s. Falciano^^ia^ y. Fang^^^, 

M. Fanti^'^^'SS'', A. Farbin^, A. Farilla^^Sa^ Farley^^^, T. Farooque^^^, 

S.M. Farrington^^^, P. Farthouat^^, P. Fassnacht'^9 ^ j^^ Fassouliotis^ , B. Fatholahzadeh^^^, 

A. Favareto^S'^'SS'', L. Fayard^^'^, S. Fazio^^^'^^b , R. Febbraro^^, P. Federic^^^'^ , 

O.L. Fedin^^o, W. Fedorko^^ M. Fehling-Kaschek^^ L. Feli gioni , D. Fellmann , 

C. Feng32d^ gj_ pgng^o, A.B. Fenyuk^^?^ Ferencei^^^'' , J. Ferland^^ W. Fernando^°^, 

S. Ferrag^^, J. Ferrando^'^, V. Ferrara^^, A. Ferrari^^^, P. Ferrari^^^, R. Ferrari^^^'^, 

A. Ferrer^'5'5, M.L. Ferrer^^, D. Ferrere"^^, C. Ferretti'^'^ , A. Ferretto Parodi^°^'^°'^, 

M. Fiascaris^°, F. Fiedler^", A. Filipcic^^, A. Filippas^, F. Filthaut^°^, 

M. Fincke-Keeler^ss^ M.C.N. Fiolhais^^Sa.h^ p. Fiorim^^e^ Firan39, G. Fischer''\ 

P. Fischer ^o, M.J. Fisher^o^^ M. Flechl^^^ I. Fleck^^o, J. Fleckner^o, p. Fleischmann^'^^ 
S. Fleischmanni^^ T. Flick^'^^^ p.R. Flores Castillo^'^\ M.J. Flowerdew9^ M. Fokitis^ 
T. Fonseca Martin^*^, D.A. Forbush^^'', A. Formica^^^, A. Forti^^ D. Fortin^^^'^, 
J.M. FosterS^ D. Fournier^i^, A. Foussat29, A.J. Fowler''^, K. Fowler^^e^ jj. Fox^o, 
P. Francavilla^\ S. Franchino^^^^'^^^'", D. Francis29, T. Frank^^^, M. Franklin^'^, 
S. Franz29, M. Fraternali^^^'"'^^^^, S. Fratina"^, S.T. French^^, F. Friedrich 
R. Froeschl^^, D. Froidevaux^^ , J. A. Frost^'^, C. Fukunaga^^^, E. Fullana Torregrosa^^ , 
J. Fuster^se^ q Gabaldon29, O. Gabizon^^°, T. Gadfort^^, S. Gadomski^^ 

G. Gagliardi5°'^'5°^, P. Gagnon^o, C. Galea^^ E.J. Gallas^^^ V. Gallo^^ B.J. Gallop^^s^ 
P. Gallusi24, K.K. Gan^os, Y.S. Gao^^^.e^ Gapienko^^^, A. Gaponenko^^, 

F. Garberson-^^^, M. Garcia-Sciveres^^, C. Garcia^^^, J.E. Garcia Navarro^^^, 

R.W. Gardner^'^, N. Garelli^^, H. Garitaonandia^'^^, V. Garonne^^, J. Garvey^^, 

C. Gatti^^ G. Gaudio^isa^ q Gaumer49, B. Gaur^^o, L. Gauthier^^s, I.L. Gavrilenko^^ , 

C. Gayi^^ G. Gaycken^o, J-C. Gayde29, E.N. Gazis^, P. Ge32d, C.N.P. Gee^^s, 
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D.A.A. GeertsiO'^, Ch. Geich-GimbeF, K. Gellerstedti^^a.MSb^ q Gemme^o^, 

A. GemmelF^ M.H. Genest5^ S. Gentile^^i'^'isib^ George5^ S. George^^ 

P. Gerlach^''^, A. Gershon^^^, C. Geweniger^*^, H. Ghazlane^^^^, N. Ghodbane^^, 

B. Giacobbe^^'", S. Giagu^^ia^sib^ y_ GiakoumopouW, V. Giangiobbei\ F. Gianotti^^, 

B. Gibbard^^, A. Gibson^s^ S.M. Gibson^^, L.M. Gilbert^^^ V. Gilewsky^o, 

D. Gillberg28, A.R. Gillman^^s^ j^j^I. Gingrich^''^, J. Ginzburg^^^^ n_ Giokaris®, 

M.P. Giordani^'53c^ ^1. Giordano^^^'^'io^'', F.M. Giorgil^ P. Giovannini9^ P.F. Giraud^3^ 

D. Giugni^s^, M. Giunta9^ P. Giusti^^^, B.K. Gjelstenl^^ L.K. Gladilm9^ C. Glasman^^ 

J. Glatzer^s, A. Glazov^i, K.W. Glitza^^^^ G.L. Glonti^^, J.R. Goddard^^ J. Godfrey^^i, 

J. Godlewski29, M. Goebel^^, T. Gopfert^^^ C. GoeringerSO, C. G6ssling42, T. Gottfert^^, 

S. Goldfarb^^ T. Gollingi^^, S.N. Golovniai^^, A. Gomesi^Sa,^, l.S. Gomez Fajardo^i, 

R. Gongalo^^, J. Goncalves Pinto Firmino Da Costa^^, L. Gonella^^, A. Gonidec^^, 

S. Gonzalez^'^^ , S. Gonzalez de la Hoz^^^, G. Gonzalez Parra^^, M.L. Gonzalez Silva^^, 

S. Gonzalez-Sevilla''^, J.J. Goodson^^'', L. Goossens^^, P.A. Gorbounov^^, H.A. Gordon^^, 

I. Gorelov^°2^ G. Gorfine^'^^^ B. Gorini^^, E. Gorini^i^''^i'^, A. Gorisek^^^ E. Gornicki^s, 

S.A. Gorokhov^27^ yj^^ Goryachev^^^ , B. Gosdzik^^, M. Gosselink^"^, M.I. Gostkin^^ 

I. Gough Eschrich^^^^ M. Gouighri^^^a^ d. Goujdamii34c^ y^ p Goulette^^ 

A.G. Goussiou^^^, C. Goy^, S. Gozpinar^^, I. Grabowska-Bold^'', P. Grafstrom^^ , 

K-J. Gralin^^, F. Grancagnolo^^'^, S. Grancagnolo'^^ , V. Grassi^^^, V. Gratcliev^^'^, 

N. Grau34, H.M. Gray^^, J.A. Gray^''^ E. Graziani^^Sa^ q.G. Grebenyuk^^o, 

T. Greensliaw'^2 , Z.D. Greenwood^^'^, K. Gregersen^^, I.M. Gregor^^, P. Grenier^^^, 

J. Griffithsi37, N. Grigalashvili^"^ , A.A. Grillo^^e^ g_ Grinstein^^, Y.V. Grislikevich^^ , 

J.-F. Grivaz^i^, M. Groh^^, E. Gross^'^", J. Grosse-Knetter^^ , J. Grotli-Jensen^^°, 

K. Grybel^^°, V.J. GuarW, D. Guest^^^, C. Guicheney^^^ A. Guida^^^'^^^, S. Guindon^^, 

H. Guler84.", J. Guntheri24^ ^ Guo^^\ J. Guo^^ A. Gupta^o, Y. Gusakov^^ 

V.N. Gushcliin^27^ Gutierrez^^^ Gutierrez^^°, N. Guttman^^^^ q Gutzwiller^^^ 

C. Guyoti35^ Q Gwenlan^i^ C.B. Gwilliam^^ A. Haas^^^^ S. Haas^^, C. Haber^^, 
H.K. Hadavand^s, D.R. Hadley^^ P. Haefner9^ F. Hahn^^, S. Haider^^, Z. Hajduk^^, 
H. Hakobyan^^s^ D. Hall"^ J. Haller^^, K. Hamacheri^^^ P. Hamal^^^ M. Hamer^^, 

A. Hamilton^'^^^'", S. Hamilton^^o^ jj. Ran^^^, L. Ran^^^, K. Hanagakii^^^ K. Hanawa^^^ 
M. Hance^'', C. HandeP, P. Hanke^^^, J.R. Hansen^^, J.B. Hansen^^, J.D. Hansen^^, 
P.H. Hansen^s, P. Hansson^^^ K. Hara^^^ G.A. Hare^^e^ ^ Harenberg^'^^^ S. Harkusha^^ 

D. Harper^^, R.D. Harrington^^ , O.M. Harris^^'', K. Harrison^^, J. Hartert^^, 
F. Hartjes^''^, T. Haruyama^^, A. Harvey^^, S. Hasegawa^'^'' , Y. Hasegawa^^^, 
S. Hassani^^s^ Hatches, D. Hauff9^ S. Haugl^ M. Hauschild^^, R. Hauser^^ 

M. Havranek^o, B.M. Hawes"^, CM. Hawkes^'^, R.J. Hawkings^^, A.D. HawkW^, 
D. Hawkins^^^^ T. Hayakawa6^ T. Hayashi^^^ D. Hayden■^^ H.S. Hayward^^^ 
S.J. Haywood^^s^ ^ Hazen^i, M. He^^^, S.J. Head^^ V. Hedberg■^^ L. HeeW, 
S. Heim^"^, B. Heinemann^^, S. Heisterkamp^^ , L. Helary'^, C. Heller^'^, M. Heller^^, 
S. Hellmani''5a,i45b^ Hellmich^o, C. Helsens^^ R.C.W. Henderson^^, M. Henke^^'^, 
A. Henrichs^^, A.M. Henriques Correia^^, S. Henrot-Versille^^^, F. Henry-Couannier^^, 
C. Hensel^^, T. Henfi'^^^, C.M. Hernandez^, Y. Hernandez Jimenez^^^, R. Herrberg^^, 
A.D. Hershenhorn^^^, G. Herten^^, R. Hertenberger^^, L. Hervas^^, N.P. Hessey^*^^, 
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E. Hig6n-Rodriguezi66, D. Hill^'*, J.C. HilP^, N. Hill^, K.H. Hiller4\ S. Hillert^o, 

S.J. Hillieri^ I. Hinchliffei'^, E. Hines^i^ M. Hirosell^ F. Hirsch^^^ D. Hirschbuehli^^ 

J. Hobbs^^^ N. Hodi52, M.C. Hodgkinsoni^s, p. Hodgson^^s, A. Hoecker^^, 

M.R. Hoeferkampi°^ J. Hoffmanns, D. Hoffmann^^^ M. Hohlfeld^°, M. Holder^^^, 

S.O. Holmgreni'^5'^, T. Holyi^e, j.L. Holzbauer'^^ Y. Homma6^ T.M. Hong^^^ 

L. Hooft van Huysduynen^"^, T. Horazdovsky^^^ , C. Horn^^^, S. Horner^^, 

J-Y. Hostachy5^ S. Hou^^^, M.A. Houlden^^^ A. Hoummadai34a^ Howarth'^i, 

D.F. Howell^i^ I. Hristova l^ J. Hrivnacll^ I. Hruskai24^ rj. Hj-yn'ova"^, P.J. Hsu^^, 

S.-C. Hsu^^, G.S. Huangiio, Z. Hubaceki^e, p. Hubaut82, P. Huegging^o, 

A. Huettmann'^i, T.B. HufFmanii^ E.W. Hughes^"^, G. Hughes^°, R.E. Hughes-JonesS^ 

M. Huhtinen^Q, P. Hurst^^, M. Hurwitz^^, U. Husemann^\ N. Huseynov^^'P, J. Huston^^, 

J. Huth^^, G. lacobucci'^^, G. lakovidis^, M. IbbotsonS\ I. Ibra gimov R. Ichimiya , 

L. Iconomidou-Payard^^^, J. Idarraga^^^, P. lengo^*^^^, O. Igonkina^^"^ , Y. Ikegami^^, 

M. Ikeno6^ Y. Ilchenko^^, D. Iliadis^^^^ N. Ilic^^^ D. Imbault^^ M. Imori^^^, T. Ince^^, 

J. Inigo-Golfin29, P. Ioannou^ M. lodice^^Sa^ ippolito^^iaasib^ ^_ ^^^^^ Quiles^6^ 

C. Isaksson^^^, A. Ishikawa^^, M. Ishino^'^, R. Ishmukhametov^^ , C. Issever^^'', S. Istin^^'^, 
A.V. Ivashin^27^ Iwanski^^, H. Iwasaki^^, J.M. Izen^°, V. Izzo^o^^, B. Jackson^^^ 
J.N. Jackson^^ P. Jackson^^^ M.R. Jaekel^^, V. Jain^o, K. Jakobs^^ S. Jakobsen^^, 

J. Jakubek^26^ Jana^^°, E. Jankowski^^ , E. Jansen^^, H. Jansen^^, A. Jantsch^*^, 
M. Janus^^, G. Jarlskog'''^, L. Jeanty^^, K. Jelen^^, I. Jen-La Plante^^, P. Jenni^^, 
A. Jeremie"^, P. Jez^s, S. Jezequel^ M.K. Jha^^^, H. Ji^^^, W. Ji'^o, J. Jia^^^ Y. Jiang32b, 
M. Jimenez Belenguer^^, G. Jin^^*^, S. Jin^^**, O. Jinnouchi^^^, M.D. Joergensen^^, 

D. Joffe^^, L.G. Johansen^^, M. Johansen^^^'^'^^^'^, K.E. Johansson^^^'^, P. Johansson^^^, 
S. Johnert^^i, K.A. Johns^ K. Jon-And^^^'^'^^^'", G. Jones8\ R.W.L. Jones^°, 

T.W. Jones^^, T.J. Jones^^^ O. Jonsson^^, C. Joram^s, P.M. Jorge^^Sa^ j_ jogep^i^^ 
T. Jovini2b, X. Ju^^\ C.A. Jung^^ R.M. Jungst^^, V. Juranek^^^, p. Jussel6\ 
A. Juste Rozas^\ V.V. Kabachenko^^'^, S. Kabana^^, M. Kaci^^^, A. Kaczmarska^^ , 
P. Kadlecik^s, M. Kado^^^, H. Kagan^^s^ j^I. Kagan^^ S. Kaiser9^ E. Kajomovitz^5\ 
S. Kalinin^'^^ L.V. Kalinovskaya^^ , S. Kama^^, N. Kanaya^5^ M. Kaneda^^, S. Kaneti^^, 
T. Kannol5^ V.A. Kantserov^s, J. Kanzaki^^, B. Kaplan^'^^, A. Kapliy^o, J. Kaplon^^, 

D. Kar^^, M. Karagounis^'^, M. Karagoz^-'^'^, M. Karnevskiy^^ , K. Karr^, 

V. Kartvelishvili™, A.N. Karyukhin^^^, L. Kashif^'^i, G. Kasieczka^^'^ , R.D. Kassl°^ 
A. Kastanas^^, M. Kataoka"^, Y. Kataoka^^^, E. Katsoufis^, J. Katzy^\ V. Kaushik^, 
K. Kawagoe6^ T. Kawamoto^^^ G. Kawamura^°, M.S. Kayl^"^, V.A. Kazaninl°^ 
M.Y. Kazarinov^^, R. Keeler^^^ R. Kehoe^^ M. Keil5^ G.D. Kekelidze^^, J. Kennedy^^ 
C.J. Kenney^''^, M. Kenyon^^, O. Kepka^^^, N. Kerschen^^, B.P. Kersevan''^, 
S. Kersten^'^^ K. Kessoku^5^ J. Keung^^^ F. Khalil-zada^°, H. Khandanyan^^^, 
A. Khanov^^\ D. Kharchenko^^ , A. Khodinov^^, A.G. Kholodenko^^'^, A. Khomich^^'^, 
T.J. Khoo^^, G. Khoriauli^°, A. Khoroshilov^'^'^ , N. Khovanskiy^'*, V. Khovanskiy^^, 

E. Khramov64, J. Khubua^^'^, H. Kim^^^a.usb^ ]y[_g_ j^^^2^ p Q Kim^^^ S.H. Kim^^g^ 
N. Kimura^^^ O. Kindl^ B.T. King^^ M. King^^, R.S.B. King^^^ J. Kirk^^s^ 

L.E. Kirsch22, A.E. Kiryunin^^, T. Kishimoto'^'^ , D. Kisielewska^'', T. Kittelmann^22^ 
A.M. Kiveri27^ Kladiva^^^b^ j_ Klaiber-Lodewigs^^^ M. Klein^^^ U. Klein^^ 
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K. Kleinknecht'^o, M. Klemetti^"^, A. Klier^'^o, P. Klimek^^Sa.usb^ Klimentov^^ , 

R. Klingenberg^2^ J. A. Klinger^^, E.B. Klinkby^^, T. Klioutchnikova^s , P.F. Klok^o^^ 

S. Klousl°^ E.-E. Kluge^sa^ rj, Kiuge^2^ p_ Kluitl°^ S. Kluth^^, N.S. Knecht^^^ 

E. Kneringer''\ J. Knobloch^s, E.B.F.G. Knoops^^^ A. Knue^"^, B.R. Ko^"^, 

T. Kobayashi^^^, M. Kobel^^^ M. Kociani^^^ P. Kodys^^s^ Koneke^^ A.C. Konigi^^^ 

S. Koenig8°, L. Kopke^^, F. Koetsveld^^^^ P. Koevesarki^o , T. Koffas^^, E. Koffemani"'^, 

L.A. Kogan^^^ F. Kohn^'', Z. Kohout^2^ T. Kohriki''^ T. Koi^'^'^, T. Kokott^o, 

G.M. Kolachev^o^ H. Kolanoskil^ V. Kolesnikov'^^ I. Koletsou^*^^, J. Koll'^^ D. Kollar^^, 

M. Kollefrath'^^ S.D. KolyaS\ A.A. Komar^^ Y. Komorii^^, T. Kondo''^ T. Kono^^'^, 

A.I. Kononov^^, R. Konoplich^'^ N. Konstantinidis'''^, A. Kootz^''^, S. Koperny^'^, 

K. KorcyF, K. Kordas^^^^ V. Koreshev^^^, A. Korni^^ A. Koroll°^ I. Korolkovi\ 

E.V. Korolkova^^^, V.A. Korotkov^^?^ q Kortner^^, S. Kortner'^^, V.V. Kostyukhin^o, 

M.J. Kotamaki29, S. Kotov^^, V.M. Kotov^^, A. Kotwal^^, C. Kourkoumelis^ 

V. Kouskoura^^^, A. Koutsman^^^^, R. Kowalewski^^^, T.Z. Kowalski^'^, W. Kozanecki^^^ , 

A.S. Kozhin^^'^, V. Kral^^^, V.A. Kramarenko^^ , G. Kramberger'^'^ , M.W. Krasny'^'', 

A. Krasznahorkay^"^, J. Kraus^'^, J.K. Kraus^°, A. Kreisel^^^, F. Krejci^^^, 

J. Kretzschmar ''^ , N. Krieger^^, P. Krieger^^'', K. Kroeninger^^, H. Kroha^^, J. Kroll^^^, 

J. Kroseberg^°, J. Krstic^^'^, U. Kruchonak^'* , H. Kriiger^'^, T. Kruker^^, N. Krumnack^^, 

Z.V. Krumshteyn64, A. Kruth^o, T. Kubota8^ S. Kuehn^^ A. KugeF^ T. Kuhl^S 

D. Kuhn^i, V. Kukhtin64, Y. Kulchitsky^s , S. Kuleshov^ib^ c. Kummer^^ M. Kuna^^ 
N. Kundu^^^ J. Kunkle^^^ A. Kupco^24^ jj_ Kurashige^^ M. Kurata^^^ 

Y.A. Kurochkin^s, V. Kus^^^, E.S. Kuwertzi^'S, M. Kuze^^^^ J. Kvital4^ R. Kwee^^, 
A. La Rosa^^ L. La Rotonda^Sa.seb^ l_ Labarga^^ J. Labbe^, S. Lablaki34a^ 
C. Lacastal^^ F. Lacava^^ia.isib^ jj^ Lacker^^ D. Lacour^^ V.R. Lacuestal^^ 

E. Ladygin^^, R. Lafaye^ B. Laforge^^ T. Lagouri^^ S. Lai^^ E. Laisne5^ 
M. Lamanna^^, C.L. Lampen^, W. Lampl^, E. Lancon^^^, U. Landgraf'*'^ , 

M.P.J. Landon^^, H. Landsman^^i, J.L. Lane^^, C. Lange''\ A.J. Lankford^^^^ F. Lanni^^, 
K. Lantzsch^'^^, S. Laplace^^, C. Lapoire^°, J.F. Laporte^^^, T. Lari^^'', A.V. Larionov ^2^, 
A. Larner^^'^, C. Lasseur^^, M. Lassnig^^, P. Laurelli^'^, W. Lavrijsen^^, P. Laycock'^^, 
A.B. Lazarev*^^, O. Le Dortz'^'^, E. Le Guirriec^^^ q Lg Maner^^^, E. Le Menedeu^, 
C. Lebel92, T. LeCompte^, F. Ledroit-GuillonSS, H. Lee^^^, J.S.H. Lee^^^, S.C. Lee^^o^ 
L. Lee^■^^ M. Lefebvre^6^ M. Legendre^^s^ a. Leger^^ B.C. LeGeyt^^^ F. Legger^^ 
C. Leggett^'', M. Lehmacher^o , G. Lehmann Miotto^^, X. Lei'^, M.A.L. Leite^^^, 
R. Leitner^^^, D. Lellouch^''^, M. Leltchouk^^, B. Lemmer^^, V. Lendermann^^^, 
K.J.C. Leney^^^'^, T. Lenz^o^ G. Lenzen^^^^ B. Lenzi^^, K. Leonhardt^^ S. Leontsinis^ 
C. Leroy^^, J-R. Lessard^*"^, J. Lesser^^^"", C.G. Lester^'^, A. Leung Fook Cheong^^\ 
J. Leveque^, D. Levin^'^, L.J. Levinson^'^° , M.S. Levitski^^?^ Lewis"^, G.H. Lewis^°^, 

A. M. Leyko^o, M. Leyton^^ B. Li^^ H. Li^'^^'', S. Li^^^:*^ x. Li^^ Z. Liang^^^'", H. Liao^^ 

B. Liberti^32a^ p_ Lichard^^, M. Lichtnecker^^ K. Lie^^"^, W. Liebig^^, R. Ufshitz^^\ 

C. Limbach^o, A. Limosani^^, M. Limper^^, S.C. Lin^^°''', F. Linde^"^, J.T. Linnemann^^, 
E. Lipeles^^^ L. Lipmsky^24^ ^_ Lipniacka^^^ TjVj. Liss^*^^, D. Lissauer^^, A. Lister^^, 
A.M. Litke^^e, C. Liu^^, D. Liu^^", H. Liu^^^^ J.B. Liu^^^ M. Liu^^^, S. Liu^, Y. Liu^^^, 
M. Livan^i'^'"'^!'^^, S.S.A. Livermore^^^, A. Lleres^^, J. Llorente MerW^, S.L. Lloyd^^, 
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E. Lobodzinska^^, P. Loch^, W.S. Lockman^^^, T. Loddenkoetter^*^, F.K. Loebinger^^, 
A. Loginoyi'^^, C.W. Loh^^^, T. Lohsel^ K. Lohwasser4^ M. Lokajicek^^^^ j. Loken 
V.P. Lombardo^, R.E. Long™, L. Lopes^^^*^, D. Lopez Mateos^'', J. Lorenz^'', 

M. Losada^6\ P. Loscutoff^^, F. Lo Sterzo^^^^'^^^'", M.J. Lostyi^^'^, X. Lou^'O, 

A. Lounis^^^, K.F. Loureiro^*^\ J. Love^^, P.A. Love™, A.J. Lowe^^^^.e^ p_ Lu32a^ 

H.J. Lubatti^^?^ q Luci^^iaasib^ ^_ Lucotte5^ A. Ludwig^^^ D. Ludwig^\ L Ludwig''^ 
J. Ludwig^^ F. Luehring^o, G. Luijckx^o^ D. Lumb^^ L. Luminari^^ia^ ^ Lund^l^ 

B. Lund-Jensen^^^, B. Lundberg'^^, J. Lundberg^''^'^'^^^'^, J. Lundquist^^, M. Lungwitz^", 
G. Lutz^s, D. Lynn24^ J. Lys^^, E. Lytken7^ H. Ma^^, L.L. Ma^'^^, J.A. Macana Goia^^ 
G. Maccarrone^'^ , A. Macchiolo^^, B. Macek™, J. Machado Miguens-^^^^, 

R. Mackeprang35, R.J. Madaras^^, W.F. Mader^^, R. Maenner^^^ T. Maeno^^, 

P. Mattigi'^^ S. Mattig^i, L. Magnoni^^, E. Magradze^^^, Y. Mahalalel^^^^ K. Mahboubi^^ 

G. Mahout^^ C. Maiami3ia,i3ib^ q Maidantchik^^'^ , A. Maio^^Sa.ft^ g_ Majewski^^, 

Y. Makida'^^ N. Makovec^l^ P. Mal^3^ B. Malaescu^^, Pa. Malecki^^, P. Malecki^^, 

V.P. Maleev^^o^ p_ Malek5^ U. Mallik^^^ D. Malon^ C. Malone^''^^ S. Maltezos^ 

V. Malyshev^°'5, S. Malyukov^^, R. Mameghani^^, J. Mamuzic^^'', A. Manabe^^, 

L. Mandelli^^'', L Mandic^^, R. Mandrysch^^, J. Maneira^^^'', P.S. Mangeard^^, 

L. Manhaes de Andrade Filho^^'', LD. Manjavidze*^'', A. Mann^^, P.M. Manning^^*^, 

A. Manousakis-Katsikakis®, B. Mansoulie^^^, A. Manz^^, A. Mapelli^^, L. Mapelli^'^, 

L. March ™, J.F. Marchand^^, F. Marchese^32a,i32b^ q Marchiori^^, M. Marcisovsky^24 ^ 

A. Marin^i'*, CP. Marino^'^^, F. Marroquim^^a^ R. Marshall'^^ Z. Marshall^^, 

F. K. Martens^^"^, S. Marti-Garcia^^'^ , A.J. Martin^^^, B. Martinis, B. Martin^^, 

F. F. Martin^^^ J. P. Martin^^ Ph. Martin^^ T.A. Martin^"^, V.J. Martin^^, 

B. Martin dit Latour^^, S. Martin-Haugh^^®, M. Martinez^'^, V. Martmez Outschoorn^^, 
A.C. Martyniuk^'^^, M. Marx^\ F. Marzano^^^'', A. Marzin^^°, L. Masetti^°, 

T. Mashnno^^"^, R. Mashinistov*^^ , J. Masik^\ A.L. Maslennikov™'^ , L Massa^^'^'^*^'^, 

G. Massaro™"^, N. Massol^, P. Mastrandrea^^^^'^^^"", A. Mastroberardino^'^^'^^'^, 

T. Masubuchi^^^, M. Mathes^^, P. Matricon^^^, H. Matsumoto^^^, H. Matsunaga^^^ , 
T. Matsushita*36, C. Mattravers^^'^''=, J.M. Maugain^^, J. Maurer^^^ g j_ Maxfield^^, 

D. A. Maximov^o*^,/^ ^ May^, A. Mayne^^^, R. Mazini^^^, M. Mazur^o, M. Mazzanti^^^, 

E. Mazzonii2ia,i2ib^ g_p^ Kee^^, A. McCarni64^ McCarthy!'''^, T.G. McCarthy's, 
N.A. McCubbini28^ j^ y^ McFarlane5^ J.A. Mcfayden^^s^ jj. McGlone^^ 

G. MchedHdze^i'^, R.A. McLaren'^, T. Mclaughlan^^ S.J. McMahon^'S^ 

R.A. McPherson^^S'^ A. Meade^^, J. Mechnich™^, M. Mechtel^^^, M. Medinnis^\ 

R. Meera-Lebbai"°, T. Meguro"^, R. Mehdiyev*^'^ Mehlhase^^, A. Mehta'^', 

K. Meier^S'", B. Meirose'^'^, C. Melachrinos^° , B.R. Mellado Garcia^'^\ 

L. Mendoza Navas^^\ Z. Meng^^^'^ A. MengareUi^^^'^^'^, S. Menke'^^ C. Menot'^, 

E. Meoni^\ K.M. Mercurio^^ P. Mermod'*^ L. Merola™^^'™^'', C. Meroni^^'^, 

F. S. Merritt^o, A. Messina'^, J. Metcalfe™', A.S. Mete'^^^ C. Meyer^o, C. Meyer^o, 
J-P. Meyeri35, J. Meyer^^', J. Meyer^^, T.G. Meyer'^, W.T. Meyer^^^ J. Miao^'^, 

S. MichaF, L. Micu'^'^, R.P. Middleton^'^ S. Migas^', L. Mijovic'^i, G. Mikenberg^™, 
M. Mikestikova^'^, M. Mikuz'^^ D.W. Miher^o, R.J. Miher^^, W.J. Mihs^^^ C. MiUs^^ 
A. Miloyi™, D.A. Milstead^^^^'i^^'', D. Milstein^™, A.A. Minaenko^'^, M. Mihano 
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Moya^^*', LA. Minashvili^^ , A.I. Mmcer^'''^, B. Mindur^'^, M. Mineev^^, Y. Ming^^^ 
L.M. Miri\ G. Mirabelli^^^^, L. Miralles Verge^\ A. MisiejuF^, J. Mitrevski^^e ^ 
G.Y. Mitrofanovi27^ y.A. Mitsou^^^, S. Mitsui6^ P.S. Miyagawa^^s^ ^ Miyazaki^e, 
J.U. Mjornmark^^ T. Moa^^^'^'^^^^, P. Mockett^3^ S. Moed^^ V. Moeller^^, K. Monig'^i, 
N. Moser^o, S. Mohapatra^''^, W. Mohr^^ S. Mohrdieck-Mock^*^ , A.M. Moisseev^^?,*^ 
R. Moles- Valls^^*^ , J. Molina-Perez^^ , J. Monk^*^, E. Monnier^^^ Montesano^^^'^^'^, 
F. Monticelli*^^ S. Monzani^^^'^^^, R.W. Moore^, G.F. Moorllead8^ C. Mora Herrera'^^ 
A. Moraes^^, N. Morange^^^, J. Morel^^, G. Morello^^'''^'^'' , D. Moreno'^^, M. Moreno 
Llacer^se^ Morettini^^^, M. Morii^^, J. Morin'^^, A.K. Morley^^, G. Mornacchi^^, 
S.V. Morozov9^ J.D. Morris■^^ L. Morvaj^oo, H.G. Moser^^, M. MosidzeS^'^, J. Moss^o^ 
R. Mount^^2^ E. Mountricha^''", S.V. Mouraviev^^^ E.J.W. Moyse^^, M. Mudrinic^^b^ 

F. Mueller^S'^, J. Muelleri22^ Mueller^o, T.A. Miiller^^, T. Mueller^o, 

D. Muenstermann^s, A. Muir^^^, Y. Munwes^^^, W.J. Murray^^^, I. Mussche^""^ , 

E. Musto^°^^'^°^^, A.G. Myagkovi27, M. Myska^24^ j_ Nadal", K. Nagai^^^ K. Nagano'5^ 
Y. Nagasaka^^, M. Nagel^^, A.M. Nairz^^, Y. Nakahama^^, K. Nakamura^^^ , 

T. Nakamura^5^ I. Nakano^^^ G. Nanava^o, A. Napier^^o, R. Narayan^^i^, M. Nash^'^'^ 

N.R. National, T. Nattermann^o , T. Naumann''\ G. Navarro^^\ H.A. Neal^^, E. Nebot^^, 

P.Yu. Necllaeva9^ T.J. Neep®\ A. Negri^^^^'i^^'^, G. Negri^^, S. Nektarijevic'*^ 

A. Nelsoni62, S. Nelson^^^ T.K. Nelson^^^ S. Nemecek^^^, p. Nemethy^o^ 

A.A. Nepomuceno^Sa, M. Nessi^^'^, M.S. Neubauer^'34^ NeusiedP, R.M. Neves^°^, 

P. Nevski^^, P.R. Newman^'^, V. Nguyen Thi Hong^^^, R.B. Nickerson^^"^, 

R. Nicolaidou-^^^ , L. Nicolas-^^^, B. Nicquevert^^ , F. Niedercorn-^^^, J. Nielsen^^^, 

T. Niinikoski29, N. Nikiforou^^, A. Nikiforovi^, V. Nikolaenko^^? ^ Nikolaev^^, 

I. Nikolic-Audit^^ K. Nikolics^^ K. Nikolopoulos^^, H. Nilsen'^^ P. Nilsson^ 

Y. Ninomiya A. Nisati^^^"", T. Nishiyama'^'^ , R. Nisius^^, L. Nodulman^, 

M. Nomachi^l^ I. Nomidis^^^^ M. Nordberg^^, B. Nordkyist^^^^'^^^'^, P.R. Norton^^s^ 

J. Novakova^^^, M. Nozaki'^^, L. Nozka^^^, I.M. Nugent^^^'', A.-E. Nuncio-Quiroz^o, 

G. Nunes Hanninger^^, T. Nunnemann^'^, E. Nurse^^, T. Nyman^^, B.J. O'Brien^^, 
S.W. O'Neale^^'*, D.C. 0'Neili4\ V. O'Shea^^ L.B. Oakes^^ E.G. Oakham^s.'^, 

H. Oberlack^s, J. Ocariz'^^ A. Ochi^e, S. Oda^^^, s. Odaka6^ J. Odier^^ H. Ogren^o, 
A. OhSi, gjj^ oh^^^ C.C. 01imi45a,i45b^ T_ ohshWOO, H. Ohshita^^^ S. Okada^^, 

H. Okawa^*'^^ Y. Okumura^o°, T. Okuyama^5^ A. Olariu^^'^, M. Olcese^^^, 
A.G. Olchevski^^, M. Oliveira^^Sa.h^ Oliveira Damazio^^, E. Oliver Garcial^^ 

D. Olivito^^^ A. Olszewski's, J. Olszowska'^, C. Omaclli6^ A. Onofre^^Sa.y^ 
P.U.E. Onyisi'O, C.J. Orami^^^, M.J. Oreglia'O, Y. Oren^^^^ D. Orestano^'Sa.issb^ 

I. Orlov^o^ C. Oropeza Barrera^'^ R.S. Orr^S'^, B. Osculati^^^'^"^, R. Ospanov"^ 

C. Osuna", G. Otero y Garzon^^, J.R Ottersbach^o^ M. Ouchrif^34d^ ^ Ouellettel6^ 

F. Ould-Saada"*^, A. Ouraou^^^, Q. Ouyang^^a^ ^_ Ovcharova^^, M. OwenS^ S. Owen^^^, 
V.E. Ozcan^s*^, N. Ozturk^, A. Paclieco Pages^^, C. Padilla Aranda^^, S. Pagan Griso^^, 

E. Paganis^^*^, F. Paige^^, P. Pais^^^ Pajchel^^^, G. Palacino^^^^, CP. Paleari^, 
S. Palestini29, D. Pallin^^, A. Palma^^Sa^ jj^^ Palmer^^, Y.B. Pan^^i, 

E. Panagiotopoulou^ , B. Panes^^'*, N. Panikashvili^^ , S. Panitkin^^, D. Pantea^^*^, 
M. Panuskovai24^ Paolonei22^ Papadelis^'^S'", Th.D. Papadopoulou^, 
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A. Paramonov^, W. Park^"^'"^, M.A. Parker^'', F. Parodi^°^'^°^, J. A. Parsons^"^, 

U. Parzefall^*^ , E. Pasqualucci^^^'^, S. Passaggio^"'^ , A. Passeri^^^*^, F. Pastore^^^'^'^^^'^, 

Fr. Pastore^^ G. Pasztor "'^.""^ Pataraia^^^^ Patel^^*^, J.R. Pater8\ 

S. Patricelli^°i^'^°i'", T. Pauly^^, M. Pecsy^^^a^ Pedraza Morales^^\ 

S.V. Peleganchukl°^ H. Peng^^b^ ^ Pengo^^, A. Penson^'^, J. Penwell^^, M. Perantoni^^'^, 

K. Perez^^."'', T. Perez Cavalcanti^\ E. Perez Codinai\ M.T. Perez Garc^a-Estan^^^ 

V. Perez Reale^^, L. Perini^^'*'^^'^, H. Pernegger^^, R. Perrino^^'^, P. Perrodo^, 

S. Persembe^'^, A. Perus^^^, V.D. Peshekhonov^^, K. Peters^^, B.A. Petersen^^, 

J. Petersen's, T.C. Petersen^^, E. Petit^, A. Petridis^^^^ q Petridoul5^ E. Petrolo^^ia^ 

F. Petrucdi33a,i33b^ Petschull^\ M. Pettem^^i, R. Pezoa^i^, A. Phan8^ 
P.W. Phillips^'S^ Q Piacquadio'S, E. Piccaro^^, M. Piccimmi9a,i9b^ s.M. Piec^^, 
R. Piegaia26, D.T. PignottilO^ J.E. Pilcher^o, A.D. Pilkington8\ J. Pinai23a,6^ 

M. Pinamonti^^^^'i^^S A. Pinder^^'^, J.L. Pinfold', J. Ping^''^, B. Pinto^'^a^ q pirotte'^, 

C. Pizio^s^'SS'^, M. Plamondonl6^ M.-A. Pleier2^ A.V. Pleskach^'?^ ^_ Poblaguev'^, 
S. Poddar^s^, F. Podlyski^^, L. Poggioli^^^, T. Poghosyan'O, M. Pohl^^ F. Polci5^ 

G. Polesello^^^^, A. Policicchio^^^'^eb^ a. Polini^s^, J. Polf^ V. Polychronakos'^ , 

D. M. Pomarede^^^, D. Pomeroy^', K. Pommes'^, L. Pontecorvo^'^^^ , E.G. Pope^'', 
G.A. Popeneciu'S'', D.S. Popovic^'a^ ^ Poppleton'^, X. Portell Bueso'^, C. Posch'i, 
G.E. Pospelov^s, S. Pospisil^^e^ j ]v^_ Potrap9^ C.J. Potter^^^^ C.T. Potter^i^ 

G. Poulard'^, J. Poveda^'^^ R. Prabhu^^, P. Pralavorio'^^ A. Pranko^^, S. Prasad^^, 

R. Pravahan'^, S. PrelF, K. Pretzl^^ L. PribyF, D. Price^o^ Price^^ L.E. Price^ 

M.J. Price's, D. Prieur^'', M. Primavera^^'^, K. Prokofiev^^'^, F. Prokoshin^^'^, 

S. Protopopescu'^, J. Proudfoot^, X. Prudent^'^, M. Przybycien^^, H. Przysiezniak^, 

S. Psoroulas'°, E. Ptacek^^^^ ^ PuescheF, J. Purdham^^, M. Purohit'^'^, P. Puzo^^^, 

Y. Pylypchenko^', J. Qian^^ Z. Qian^', Z. Qin^\ A. Quadt5^ D.R. Quarrie^^, 

W.B. Quayle^'^\ F. Quinonez^i'^, M. Raasl°^ V. Radescu^^'", B. Radios'^, P. Radloff^^^^ 

T. Rador^^^, F. Ragusa^'^'^'SS'' , G. Rahal^^^ A.M. Rahimi^o^ D. Rahm'^, 

S. Rajagopalan'^, M. Rammensee^^ , M. Rammes^^'^, A.S. Randle-Conde^^^ 

K. Randrianarivony'^, P.N. Ratoff™, F. Rauscher^'^', M. Raymond'^, A.L. Read^^*^, 

D. M. RebuzziiiS'^'iis^, A. Redelbach^'^', G. Redlinger'^, R. Reece^^^ K. Reeves^°, 

A. Reichold^''^ , E. Reinherz-Aronis^^', A. Reinsch^^^, I. Reisinger^', D. Reljic^'*^, 

C. Rembser'S, Z.L. Ren^^o^ ^ Renaud^^'', P. Renkel^^, M. Rescigno^^^^, S. Resconi^Sa, 

B. Resende^^^, P. ReznicekS"^, R. Rezvani^^'^, A. Richards'^*^ , R. Richter^^, 

E. Richter-Was^'''^ M. Ridef^ M. Rijpstra^^^, M. Rijssenbeek^^^ A. Rimoldi^^^'^'^^s^, 
L. Rinaldi^sa^ Rios^^, I. Riu^^, G. Rivoltella^^^'^^'^ , F. Rizatdinova^^i, E. Rizvi^^ 
S.H. Robertson^^'-^, A. Robichaud-Veronneau^^^, D. Robinson''', J.E.M. Robinson''^, 
M. Robinson"^, A. Robson5^ J.G. Rocha de Lima^°^ C. Roda^'^^'^'i^, 

D. Roda Dos Santos'^, D. Rodriguez^^i^ Roe^^, S. Roe'^, O. R0hne^^^, V. Rojo\ 
S. Rolli^6°, A. RomanioukSS, M. Romano^^a.igb^ yj^^ Romanov^^, G. Romeo'^ 

E. Romero Adam^^e^ Roos^"^, E. Ros^^^^, S. Rosati^^ia^ Rosbach'^s^ A. Rosel^^ 
M. Rose^^, G.A. Rosenbaum^^'^, E.I. Rosenberg^^, P.L. Rosendahl^^, O. Rosenthal^^°, 
L. Rosselet^s^ y_ Rossettii\ E. Rossi^^^^'^^ib^ l p_ RoggiSOa^ Rotaru'^'^, I. Roth^^", 

J. Rothberg^^"^, D. Rousseau^^^, C.R. Royon^^^, A. Rozanov^', Y. Rozen^^^, 
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X. Ruan^i'^'"'^, I. Rubinskiy4\ B. Ruckert^^ N. Ruckstuhl^O'^, V.I. Rud9^ C. Rudolph^^ 
G. Rudolph'^^ F. Riihr'^, F. Ruggieri^^^a.iasb^ Ruiz-Martinez^^ , V. Rumiantsev^O'*, 
L. Rumyantsev^^, K. Runge^^^, Z. Rurikova'^^ N.A. Rusakovich^^ , D.R. Rust^^, 
J.P. Rutherfoord*^, C. Ruwiedel^^, P. Ruzicka^24^ y.F. Ryabov^^o^ Ryadovikov^27 ^ 
P. Ryan*^"^, M. Rybar^^s, G. Rybkin^^^, N.C. Ryder"^ S. Rzaeva^^, A.F. Saavedra^^^ 
I. Sadehi52^ H.F-W. Sadrozinski^^e^ ^ Sadykov'^^, F. Safai Tehrani^^ia, H. Sakamotoi^"^ , 

G. Salamanna^^ A. Salamon^32a^ Saleem^^o, D. Salihagic9^ A. Salnikov^^^ J. Saltl^^ 

B. M. Salvachua Ferrando^ D. Salvatore^^'^'^^b , F. Salvatore^^^ A. Salvucci^°^ 

A. Salzburger^^, D. Sampsonidis^^^, B.H. Samset^^*^, A. Sanchez^°^^'^°^'^, H. Sandaker^^, 

H. G. Sander^o, M.P. Sanders^^, M. Sandhoffi^^^ T. Sandoval^^, C. Sandoval 

R. Sandstroem^^, S. Sandvoss^''^, D.P.C. Sankey^'^^, A. Sansoni^'', C. Santamarina Rios^"*, 

C. Santonins, R. Santonico^32a,i32b^ jj. Santos^^s^, J.G. Saraiva^^Sa^ ^j. Sarangii'^\ 

E. Sarkisyan-Grinbaum^ F. Sami2ia,i2ib^ q Sartisohn^'^^^ O. Sasaki^^, N. Sasao6^ 

I. Satsounkevitch^^, G. Sauvage^, E. Sauvan^, J.B. Sauvan^^"^, P. Savard^^'^''^, 

V. Savinovi22^ q gavu^^, L. Sawyer^^-', D.H. Saxon5^ L.P. Says^^^ C. Sbarra^^^^, 

A. Sbrizzi^^^'i^*^, O. ScalW^ D.A. Scannicchio^^^ M. Scarcella^^^ J. Schaarschmidt^^^ 

P. Schacht'^^ U. Schafer^o, S. Schaepe^o, S. Schaetzel^^^, A.C. Schaffer^^^ D. Schaile^^ 

R.D. Schamberger^^^ A.G. Schamov^o^ V. Scharf^^^, V.A. Schegelsky^^o, D. ScheirichS^ 

M. Schernau^^^ M.I. Scherzer^^, C. Schiavi^o^'SOb^ Schieck^^ M. Schioppa^^'^'Seb ^ 

S. Schlenker^s, J.L. Schlereth^, E. Schmidt^^ K. Schmieden^o, C. Schmitt'^o, 

S. Schmitt^s'^, M. Schmitz^o, A. Schoning^sb, M. Schott^^, D. Schouteni^Sa^ 

J. Schovancova^^^, M. Schram^^, C. Schroeder^'', N. Schroer^^'^, S. Schuh^^, G. Schuler^^, 

J. Schultes^^^ H.-C. Schultz-Coulon^s^, H. Schulz^^ J.W. Schumacher^o , 

M. Schumacher , B.A. Schumm^^^, Ph. Schune^^^, C. Schwanenberger*^^, 

A. Schwartzman^^^, Ph. Schwemhng^^, R. Schwienhorst*^^, R. Schwierz^^, 

J. Schwindhng^3^ T. Schwindt^o, M. Schwoerer"^, W.G. Scott^^s^ j_ Searcy^^^, 

G. Sedov4\ E. Sedykh^^o^ ^ Segura^\ S.C. Seidel^^^, A. Seiden^^e, f. Seifert^^^ 

J.M. Seixas23a, G. Sekhniaidze^°^^, K.E. Selbach^^ D.M. Sehverstov^^o ^ ^ Sehden^^s^, 

G. Sehers^^^ M. Seman^^^^^ Semprtni-Cesart^s^'i^b^ C. Serfon^^ L. Sertn^^^, 

L. Serkin54, ^i, Seuster^^, H. Severini^io, M.E. Sevior^s, A. Sfyrla^^, E. Shabahna^"^, 

M. Shamimii3^ L.Y. Shan^^^, j.T. Shank^i, Q.T. Shao8^ M. Shapirol^ P.B. Shatalov^^, 

L. Shaver^, K. Shaw^^^'^'^^^c^ ^ Sherman^^^ P. Sherwood^^ A. Shibata^o?^ jj_ Shichi^o^ 

S. Shimizu29, M. Shimojima^^, T. Shin^^, M. Shiyakova^^, A. Shmeleva^^^ 

M.J. Shochet^o, D. Short"^ S. Shrestha^^^ M.A. Shupe^ P. Sicho^24^ Sidoti^^ia^ 

F. Siegert^^ Dj. Sijacki^^a^ q Silbert^^o, J. SiW^Sa,^^ y. Silver^^^ D. Silverstein^^^ 
S.B. Silverstein^^s^, V. Simak^^e^ q. Simard^^s^ Lj_ Simic^^a^ g Simion^l^ B. Simmons■^^ 
M. Simonyan^^, P. Sinervo^^^, N.B. Sinev^^^, V. Sipica^''^, G. Siragusa^'^^, A. Sircar^^, 
A.N. Sisakyan^"^, S.Yu. Sivoklokov9^ J. Sjolini''5'^'i''5'^, T.B. Sjursen^^^ L.A. Skinnari^^ 

H. P. Skottowe^^ K. Skovpen^oe^ p_ Skubic^^o, N. Skvorodnev22, M. Slater^^ 
T. Slaviceki26, K. Shwa^^^o, J. Sloper^^, V. Smakhtin^^^ S.Yu. Smirnov^^, 
L.N. Smirnova^e^ O. Smirnova'^^ B.C. Smith^^, D. Smith^^^^ K.M. Smith^^, 
M. Smizanska^°, K. Smolek^^e, A.A. Snesarev^^, S.W. Snow^i, J. Snow^io, 

J. Snuverinki04^ Snyder^^, M. Soares^^Sa^ Sobie^es-i, J. Sodomka^^e^ a. Soffer^52^ 
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C. A. Solans^se, m. Solarise, J. Solc^^e, e. Soldatov^s, U. Soldevilai^e, 
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